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sodium-silicate glass)

The determination of the true values of the thermal conduc-
tivity of semitransparent glassy substances at high temperatures
is rendered difficult by the influence of radiative heat transfer,
The thermal conductivity gamma of semitransparent substances

can be found from qcoustic data on the basls of the Debye or
Bridgman formulae connecting gamma with the mean velocity cf
the--elastic waves, =~ An investigation of the velocity of propa-

gation of ultrasound in glassy substances (colophony and
with a view to d=termine their gamma,

The velocity of the thermal elastic waves glven
in a nelt deviates substantially, due to the relaxation dleper-
sion, from the veloclty of the ultrasound.
mation given can be determined by a linear extrapolation of
the velocity in a solid substance for high temperatures,
method was tested on a substance with a known value of gemma

. (colophony) and used for the study of sillcate glasses. \The
calculation, conducted by the Debye, Bridgman and Predvoditelev-
Varhaftig formulae, does not give the considerable increase in

gamma with temperature,
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USE UF ULLRAACOUSLLIC uala FOR TEE CaLCULATIUN F THOWSAL
CUNDUCTLVITY UF GLASsSY SUBSTANCIS AT HLGH Tl sRATURSS

[Article by M. V. Bessonov; iloscow, Primanenie Ul'traakustiki k
--1gsledovaniyu VYeshchzstva, ‘wussian, Issu2 1%, 1961, pp.1€5-170:1

Heat trancsfer in highly viscous media which are somewhat
transparent to heat radiation is accomplished by both conduction
and radiation. The theoretical treatment of heat transfer by
simultaneous conduction and radiation is axceedinasly complex.
Significant theoretical results have been achieved only recently.
Articles are beinigz published now wlhich permit comnlete calculation
of heat transfer by simultancous conduction and radiation if the
thermal and radiation btransmi.ision characteristics of the medium
are known[l,2]. Among thess is the coefficient of molecular thermal
conductivity. However, reliable values of this auancity for
senitransparent msdia, such as -slasses, are not available, Only
effective values ars itiven, which include radiation heat transfer;
these are strongly denendent on =xperimental conditions. In one
experiment [3], an attempt was made to detorming the true thermal
conductivity of a certain glass at 850 -~ 1450 °C, The values
obtained for the coefficient of thermal conductivity were two to
three times larzer than thosc at normal t:mperatures. The physical
causes of such a sisnificant increase in molecular tharmal
conductivity are uncertain, since melted silicates may be considered
viscous fluids. The thermal conductivity of viscous fluids is
comparatively weakly dependent on temperature, and usually decreases
with increasing temperature,

It is possible tc solve shis physicel problesn and calculate
the cozfficient of therual conductivity N of semitransparent media
in cases where direct measurument is very difficult. This may.be
accomplished with the aid of acoustic data. In a number of well
known exper’.ments attempts have been made to establish a link
between thermal conductivity and other physical nroperties of

matter. This problem vwas solvad most succassfully by Debye[4l].

He conceived of heat conduction as a process of heat transfer by
3Hz, which

means of elastic waves with a f‘requency of 1012~ 10

propagated from warmer to cooler sites. Thurmal clastic waves are
multiply scattered when they :ncounter the tempsrature anomalies
g s which characterize the mean

and other physical discontinuitie
onduction is far slower than

free path 1. Thus the spezd of heat ¢ t
the waves' velocity of propasation. Debye obtained the following

-

expression forA:

. | —

e (1)
where p'=density, csheat capacity, and Ja mean velocity cf the
thermal elastic waves, defin.d by Dobye in tne folloving reia. on

! duced from
E:g:owuaﬁl.abh copY.
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between the velocity of lonritudinal waves u, and the velocity of
transverse waves u, 3 1 2

—— T ey —

n u, u,

Though the Debye cquation is hard to apply in the case of
crystals because of the complexity of deternining 1, for amorphous
tlassy substances this difficulty is lessened. For these substances
L is determined from the mezan distance bct'reen the molecules or
molecular complexes which take part in th2rmal motions it is not
temperature dependent. Besid:cs relation i(1l), there is also the
Bridzhmen formula [5] which showed that xperimental results
concerning thermal conductivity of fluids are satisfactorily
described by the simple relation:

A=3kus"? (2)

Here #1s Boltzmann's constant, 3 is the distance between molecules.,

Bridzhmen also gave an elementary consequence of formula (2).

Bauations (1) and (2) contain the velocity of sound; its

temperature dependence determines the change of thermal conductivity

with temperature. However, the velocity of sound in glasses is
unknovmn at temperatures higher than 500 -~ 600°. An experiment.was
conducted to investigate the velocity of propaxation of ultrasound
in glassy substances, in order tu determine their thermal
conductivity. Sodium silicate ~lass was among those tested. A
description of the method and the experimental set-up is given in
issue 8 of this journal [6].

The temperature dependence of the velocity of ultrasound
in rosin and in silicate zlass is shown in Figures 1-and 2.

_See page 2a See page 2a

Pig. 1 The temperature dependence of ¥ig. 2 The Gempere: :iro

u,= velocity fox +—0. X

uds velocity for y—m) silicate zlass.

uy= veloclity gor Y-l

KEY: (1) u/msec); (2) MHz. U= Velocity for v—=)

' T KEY: (1) keal/m-hr °C
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The date show that when glass changes from the solid to the liquid
state, a decrease in the velocity of ultrasound by a factor of

2.5 == 3 is associated with the transition. This decrease is
accompanied by dispersion which we observed directly in rosin (61,
and which other authors have observed during 2 vitrification ~~
of viscous fluids{7,8]. These phenomena are expiained qualitatively
by relaxation theéry. Direct maasurement and calculation of the
thermal conductivity of rosin also indicates significant dispersica.
ln fact, from formula (2) and =xperimental values of the velocity
of sound, the thermal conductivity of rosin decreases sharply at

60°C (Fig. 3) ..
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Pig. 3. The temperature dependence of the coefficient of thermal
conductivity of rosin (O~ oxperiment; 1l- calculated from formula (2) :
and the velocity of thermal elastic waves, determined from the :
velocity of ultrasound in solid rosinj 2- calculated from formula (2)
and the velocity of ultrasound; 35- calculated from the formula of
Predvoditelev-Vapgaftik rmp.s*%, , B=const)
“KEY: (1) u(m/secs103,

This is contradicted by the experimental data of £, Kuvshinskiy 9], -
which show that A of rosin remains constant + 5% in the temperature
interval 20 -~ 90-C, The discrcpancy betwesn calculated and

experimental values must be explained by the fact that *he mean

velocity u: is determined from the velocity of ultrasound in the

melted state. However, the veslocity of thermal elastic waves ugo

.a8, & consequence of relaxation dispersion differs significantly

from the velocity of ultrasound. An estimate of the relaxation time

in rosin from experimental values of ihe velocigy 05 ultrascund

shows that its magnitude for frequencies of 10'%210%° ‘Hz is much .
greater than unity, at least up to 120 -- 130°C, Consequently, the :
velocity 'of the thermal elastic waves remains practically the same

a8 it is in the solid state. 4 first approximation of the velocity

Up may be determined by linear extrapolation to hizh temperatures

of the velocity in solid rpsin. For this case the value of X A
calculated from formula (2) is close to the experimental value (Fig.3).
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The best results from calcul.ution may be obtained from Dabye's

formula (1), according to which some decrease in velocity is

compensated for by an increase in heat capacity; this takes place

during the softening of glasses. :
The ‘calculation of the coefficient of thermal conductivity i

of xuz.in thus shows that the velocity u. for slassy substances )

shouid be determined from the velocity in the solid state. This

method of calculation was employed ¢o determine the thermal

conductivity of silicate glasses. The results of the calculation

of the coefficient of thermal conductivity for three sodium

M
- LR TARIS P ““"%'*‘Mﬂéw

bl 14
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silicate glasses, for which the veloaitv of sound was measured E
. in the solid state [10], are shown in Fig. 4. These glasses are. :

? - __8imilar in composition to those tested in article £3]. .
» 1 = ;
: ; {'1)! j// . 4
§ % N’ Cmekm M), +—7 | | : 3
2 . g | s 3
e 3 : : IR Fig. 4. Calculation of the G
45 i = S coefficient of thermal con- Cd
I o5 : Tgt—= ductivity of sodium silicate ¢ g

= ¢ L glass. (1 — by Debye for- : i
E = 31 mula; 2 — by formula of 3
e 2 : A Predvoditelev-Vargaftik; 3 - 3
5 % g ('<) ~y l = by the Bridzhmen formula).
= & 3, | omeuwsne \45:*\._ KEY: (.} Glass No. 1;
s g_" 7 \ (2) Glass No. 2; (3) Glass
= & =~ i No. 3; (4 kcal/m~hr °C.
& SY—
B oY ! ]
E o T M e e
] / ~ ] i i roduced from }
— [} -—ﬁ\ | .-.....!____ ﬁ:‘;" available copy.
» 37
8 W w0 00 W0 200, W0 K0 e

The caleculation of thermal conductivity was carried out hera
aceording to the formulas of Debye, Bridzhmen, and Predvoditelev-

Vargaftik, Not one of the formulas indicates & significant ) )
inecrease in thermal conductivity when compared to the experimensal E
data cited by Gutop [3], which show an increase in A by a factor .

of 2.5 == 3 as the temperature is raised from 800 - 1450°C,

FTD-HT-23-2108-71

-
4
3
=
E
P
3
L
g
=
3
=
g
&
2
<
,'f:]
Z
S
3
=
T
3
.
=¥
3
E
%
k<
2?
=
%
E
-
2
A
2
]
2
k4
g




b U i R e i s
‘i{ﬁ:‘- ST T e L

ALLE RYips

¥ %u';

) v"“"fvu’” Mk
-

AN

i

T e et aw x A

. e uSterry paarten xR T —— R — S —
S B s L Sl e o L e T T T BT T
= T=r e AL Rt e e T T L I T TR

IS Pl A R e =

he analysis of this data in the light of new theories of heat
transfer is still incomplete. There is no reason, however, to
consider incorrect the valueés of thermal currents observed
experimentally. Therefore, experimental valiies of thermal currents

may serve as a standard for checking theoretical calculations of X,.

The values of the coefficient of thermal conductivity A determined
from the velocity of sound are used with formulas[2]to give
theoretical predictions of the thermal currents, which are then
cor ared with experimental results. The results of such comparisons
11]{show that best agreement is obtained if Ais calculated from

e Debye fdrmula. This indicutes that of the formulas considered,
Debye's formula gives thc best estimate of the tewperature
dependence of the thermal con.uctivity of silicate glasgses,

. The following results are presented in conclusion:
1.”The study of the propagation of ultrasound in zlasses has led
to the determination of the tcmperature dependence of the thermal
conductivity of glassy substances in a viscous liquid state.

2. Data concerning the strong tempeprature dependence of the thermal
conductivity of softened glasses have not been confirmed,

3. The possibility of applyin:: acoustic data to the calculation
of thermal conductivity has b:on demonstrated; with the aid of
new thcories of heat transfer this permits the calculation of

thermal currents in semi-transparent mecdia,
Reproduced from
best available copy.
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